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1 . A multi-stage optical amplifier, comprising: / 

an optical fiber including a first length of Raman amplifier fiber and a second length 
of Raman amplifier fiber, the optical fiber configured to be coupled to a signal source that 
produces a plurality of signal wavelengths X S9 and a pump source that produces one or more 
pump wavelengths A^, wherein the one or more pump wavelengths Xp are less than at least a 
portion of the plurality of signal wavelengths X S9 at least a portion of the plurality of signal 
wavelengths k s of the first Raman amplifier fiber having^an optical noise figure of less than 8 
dB and less than an optical noise figure of the second Raman amplifier fiber, and at least a 
portion of the plurality of signal wavelengths X s , of the second Raman amplifier fiber having 
a gain level of at least 5 dB; j 
a signal input port coupled to the optical fiber; 
a signal output port coupled to the optical ~ 
a pump input port coupled to the optical fifoe?: 
a first lossy member coupled to the opti^ 
second lengths of Raman amplifier fiber, the 
direction; and 

a pump shunt coupled to the opticaf fiber, wherein at least a portion of the one or 
more pump wavelengths Xp is coupled between the first length of Raman amplifier fiber and 
the second length of Raman amplifier fiber. 




lyfiber and positioned between the first and 
lossy member being lossy in at least one 



2. The multi-stage optical amplifier of claim 1 , wherein the pump input port is 
positioned between the first and second lengths of Raman amplifier fiber. 

3. The multi-stage optical amplifier of claim 1, wherein the pump shunt is 
coupled to the signal input pore and the signal output port. 

4. The multi-stage optical amplifier of claim 1, further comprising: 
a distributed Raman amplifier coupled to the signal input port. 



/ 
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5. The multi-stage optical amplifier of claim/4, wherein at least a portion of the 
pump shunt is positioned between the distributed Raman amplifier and the signal input port. 

6. The multi-stage optical amplifier of claim 1, wherein the first and second 
lengths of Raman amplifier fiber each have a length greater than or equal to 200m. 

7. The multi-stage optical amplifier of cl^im 1, wherein the one or more pump 
wavelengths X p are in the range of 1300 to 1530 nm. 

8. The multi-stage optical amplifier of claim 1, wherein the plurality of signal 
wavelengths X s is in the range of 1430 to 1530 nm.i 




9. The multi-stage optical amplifier of claim lWherein the^first lossy member is 



an optical isolator. 



10. The multi-stage optical amplifier of claim 1, wherein the first lossy member is 
an add/drop multiplexer. 

11. The multi-stage optical amplifier of claim 1, wherein the first lossy member is 
a gain equalization member. / 

/ 

12. The multi-stage optical amplifier of claim 1, wherein the first lossy member is 

a dispersion compensation element. / 

/ 

/ 

13. The multi-stage optical amplifier of claim 1, wherein at least a portion of at 
least one of the first and second Raman /amplifier fibers is a dispersion compensating fiber. 



14. The multi-stage optical/amplifier of claim 13, wherein at least a portion of the 
first and second Raman amplifier fibers are dispersion compensating fibers. 

i 

15. The multi-stage optical amplifier of claim 1, wherein the second length of 
amplifier fiber has a higher gain than the first length of amplifier fiber. 

/ 
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16. The multi-stage optical amplifier of claim 3/friirther comprising: 
at least one WDM coupler to couple a pump path ijrom the signal input port to the 

signal output port. 

17. The multi-stage optical amplifier of claiin 1, further comprising: 
a pump source coupled to the pump input por 



1 8. The multi-stage optical amplifier of cki^ijjfo^er-domprising: 
at least one laser diode pump source coupled to theypurnp input port. 



19. The multi-stage optical amplifier of claim 1, further comprising: 
a second lossy member coupled to the pump shunt. 

20. The multi-stage optical amplifier of claim 1, wherein the pump shunt includes 
an optical fiber. 




Q 
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21. A multi-stage optical amplifier, comprisii/g: 

an optical fiber including a first length of Ramanf amplifier fiber and a second length 
of Raman amplifier fiber, the optical fiber configured to be coupled to a signal source that 
produces a plurality of signal wavelengths X s , and a pirnip source that produces one or more 
pump wavelengths Xp, the one or more pump wavelengths Tip being less than at least a portion 
of the plurality of signal wavelengths X s , and an optical fiber cut-off wavelength of at least 
one of the first length of Raman amplifier fiber ancythe second length of Raman amplifier 
fiber that is less than the one or more pump wavelengths A^; 

a signal input port coupled to the optical fiber; 

a signal output port coupled to the optical/ fiber; 

a pump input port coupled to the optical fiber; 
M 8 a first lossy member coupled to the optical fiber and positioned between the first and 

□ second lengths of Raman amplifier fiber, the first lossy member being lossy in at least one 



direction; and 



=§= a pump shunt coupled to the optical fiber, /wherein at least a portion of the one or 

Si / /w 

fU more pump wavelengths Xp is coupled between tljie first length of Raman amplifier fiber and 



the second length of Raman amplifier fiber.] 



£p 22. The multi-stage optical amplifier of claim 21 , wherein the pump input port is 

positioned between the first and second lengths of Raman amplifier fiber. 



23. The multi-stage optical amplifier of claim 21, wherein the pump shunt is 
coupled to the signal input port and the/signal output port. 



24. The multi-stage optical' amplifier of claim 2 1 , wherein optical fiber cut-off 
wavelengths of the first length of Raman amplifier fiber and the second length of Raman 
amplifier fiber are less than the one or more pump wavelengths X p . 

i 

i. 

25. The multi-stage optical amplifier of claim 21, further comprising: 
a distributed Raman amplifier coupled to the signal input port. 



/ 
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26. The multi-stage optical amplifier of claim 231 wherein at least a portion of the 
pump shunt is positioned between the distributed Raman amplifier and the signal input port. 

27. The multi-stage optical amplifier of claim £21, wherein the first and second 
lengths of Raman amplifier fiber each have a length greater than or equal to 200m. 

28. The multi-stage optical amplifier of clai/n 21, wherein the one or more pump 
wavelengths Xp are in the range of 1300 to 1530 run. 

29. The multi-stage optical amplifier of cj'aim 21, wherein the plurality of signal 
wavelengths X s is in the range of 1430 to 1530 run. 

30. The multi-stage optical amplifier of/clain^l, wherein the first lossy member 
is an optical isolator. 



3 1 . The multi-stage optical amplifier of 1 , wherein the first lossy member 



~ is an add/drop multiplexer. 



32. The multi-stage optical amplifier of claim 21, wherein the first lossy member 
is a gain equalization member. 

33. The multi-stage optical amplifier of claim 21, wherein the first lossy member 
is a dispersion compensation element. 

34. The multi-stage optical amplifier of claim 21, wherein at least a portion of at 
least one of the first and second Raman amplifier fibers is a dispersion compensating fiber. 

35. The multi-stage optical amplifier of claim 34, wherein at least a portion of the 
first and second Raman amplifier fibers are dispersion compensating fibers. 



36. The multi-stage optical amplifier of claim [1]21, wherein the second length of 
amplifier fiber has a higher gain than the first length of amplifier fiber. 



t^an 
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37. The multi-stage optical amplifier of claim [l]2jr, further comprising: 
at least one WDM coupler to couple a pump path fppm the signal input port to the 

signal output port. 

38. The multi-stage optical amplifier of/laim [1]21, further comprising: 
a pump source coupled to the pump input/port. 



39. The multi-stage optical amr comprising: 
at least one laser diode pump s^rc^^pleato the pump input port. 



40. The multi-stage optical amplifier of claim [1]21, further comprising: 
M> a second lossy membeF'coupled to the pump shunt. 

a 
1 

u 41 . The multistage optical amplifier of claim [1]21, wherein the pump shunt 

m / 

*p includes an optical fit>er. 

M 
m 
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42. A multi-stage optical amplifier, comprising: 

an optical fiber including a first length of Raman amplifier fiber and a second length 
of Raman amplifier fiber, the optical fiber configurer to be coupled to a signal source that 
produces a plurality of signal wavelengths X s and a pump source that produces one or more 
pump wavelengths Xp 9 the one or more pump wavelengths Xp being less than at least a portion 
of the plurality of signal wavelengths X Sy wherein at least a portion of at least one of the first 
length of Raman amplifier fiber and the second lepgth of Raman amplifier fiber is a 
dispersion compensating fiber; 

a signal input port coupled to the optical fiber; 

a signal output port coupled to the optical fiber; 

a pump input port coupled to the optical /fiber; 

H 5 a first lossy member coupled to the optical fiberand positioned between the first and 

p \ / \ ^ 

O second lengths of Raman amplifier fiber, the first ipssy member being lossy in at least one 



□ 
in 



ryj more pump wavelengths Xp is coupled betweeK tlte-first length of Raman amplifier fiber and 



: — a 

m 



Ft 5 
; s s 




direction; and 

a pump shunt coupled to the optical fi^>M wheyfein at least a portion of the one or 



the second length of Raman amplifier fiber. 



43. The multi-stage optical amplifier of claim 42, wherein the pump input port is 
positioned between the first and second lengths of Raman amplifier fiber. 



44. The multi-stage optical amplifier of claim 42, wherein an optical fiber cut-off 
wavelength of at least one of the first length of Raman amplifier fiber and the second length 
of Raman amplifier fiber is less than the one or more pump wavelengths Xp. 



tne< 



45. The multi-stage optical amplifier of claim 42, wherein at least a portion of the 
first length of Raman amplifier fiber/and the second length of Raman amplifier fiber are 
dispersion compensating fibers. 



46. The multi-stage optical amplifier of claim 42, wherein the dispersion 
compensating fiber has a magnitude of dispersion of at least 50 psec/(nm) (km) for at least a 
portion of the plurality of signa^ wavelengths X s . 
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The multi-stage optical amplifier of claim^42, wherein the dispersion 
compensating fiber has a magnitude of dispersion less tjian 50 psec/(nm) (km) for at least a 
portion of the plurality of signal wavelengths X s - 



48. The multi-stage optical amplifier of 
a distributed Raman amplifier coupled to die" sf 




, further comprising: 
input port. 



□ 
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49. The multi-stage optical amplifier of claim 48, wherein at least a portion of the 
pump shunt is positioned between the distributed Raman amplifier and the signal input port. 



03. 
n 



DAL01:680258.1 



o 

fas? 

5 



"4 

m 



ATTORNEY DOCKET 
069204.0176 



PATENT 



10 



50. A multi-stage optical amplifier, comprising: 

an optical fiber including a first length of Ramanj amplifier fiber and a second length 
of Raman amplifier fiber, the optical fiber configured to /be coupled to a signal source that 
produces a plurality of signal wavelengths X s and a pump source that produces one or more 
pump wavelengths Xp 9 the one or more pump wavelengths being less than at least a portion 
of the plurality of signal wavelengths X s ; 

a signal input port coupled to the optical fiberjf 

a signal output port coupled to the optical fibfcr; 

a pump input port coupled to the optical fiber; 

a first lossy member coupled to the optical fiber and positioned between the first and 
second lengths of Raman amplifier fiber, the first tyssy rn<piber being lossy in at least one 
direction; 

a pump shunt coupled to the optical fiber, wherein y least a portion of the one or 
more pump wavelengths kp is coupled between the fir^U^ngth of Raman amplifier fiber and 
the second length of Raman amplifier fiber; and / ' 

at least a first pump source coupled to pump input port, the at least first pump source 
including multiple pump sources with outputs that are combined using at least one of 
wavelength and polarization multiplexing. 



fy 



5 1 . The multi-stage optical amplifier of claim 50, wherein the pump input port is 



positioned between the first and second lengths of Raman amplifier fiber. 



52. The multi-stage optical amplifier of claim 50, wherein the pump shunt is 
coupled to the signal input port and the signal output port. 

53. The multi-stage optical amplifier of claim 50, wherein the at least first pump 
source includes multiple pump sources with outputs that are combined using wavelength and 
polarization multiplexing. 



54. The multi-stage optical/amplifier of claim 50, further comprising: 
a distributed Raman amplifier .coupled to the signal input port. 



/ 
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pump shunt is positioned between the distribute^R^mwf amplifier and the signal input port. 



DAL01:680258.1 



ATTORNEY DOCKET HP PATENT 

069204.0176 

12 

56. A multi-stage optical amplifier system, comprising: 
a plurality of transmitters that produce a plurality cjf signal wavelengths X s ; 
a multi-stage optical amplifier including, 

an optical fiber with a first length of Ramab amplifier fiber and a second 
length of Raman amplifier fiber, the optical fiber fcoupled to the plurality of 
transmitters and configured to be coupled to a pump source that produces one or more 
pump wavelengths Xp, wherein the one or more pump wavelengths are less than at 
least a portion of the plurality of signal wavelengths X s , at least a portion of the 
plurality of wavelengths X s , of the first Raman /amplifier fiber having an optical noise 
figure of less than 8 dB and less than an optical noise figure of the second Raman 
amplifier fiber, and at least a portion of the plurality of sigi^wavelengths X s , of the 
second Raman amplifier fiber having a gain j^fl or-atljeast 5 dB; 



S a signal input port coupled to the optics 

O • , , , / I J v, 

U| a signal output port coupled to the epical 

+! a pump input port coupled to the optical fiber; 

- / 

I U a first lossy member coupled to the optical fiber and positioned between the 



q first and second lengths of Raman amplifier fiber, the first lossy member being lossy 

I 

Ma 

00 a pump shunt coupled to the optical fiber, wherein at least a portion of the one 

Q / 



in at least one direction, 



or more pump wavelengths X? is coupled between the first length of Raman amplifier 
fiber and the second length of Raman amplifier fiber; and 

a plurality of receivers coupled/to the multi-stage optical amplifier. 



57. The multi-stage optical amplifier system of claim 56, wherein the pump input 
port is positioned between the first and second lengths of Raman amplifier fiber. 



58. The multi-stage optical amplifier system of claim 56, wherein the pump shunt 
is coupled to the signal input port and the4ignal output port. 



59. The multi-stage optical amplifier system of claim 56, further comprising: 
a distributed Raman amplifier coupled to the signal input port. 
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60. The multi-stage optical amplifier system of c#aim 59, wherein at least a 
portion of the pump shunt is positioned between the distributed Raman amplifier and the 
signal input port. 

61 . The multi-stage optical amplifier systeir/ of claim 56, wherein the multi-stage 
optical amplifier is an in-line amplifier. 

62. The multi-stage optical amplifier s/sten^of clafm 56, wherein the multi-stage 
optical amplifier is a booster amplifier. 

63. The multi-stage optical amplifier system of claim 56, wherein the multi-stage 
optical amplifier is a pre-amplifier. 

64. The multi-stage optical amplifier system of claim 56, wherein the plurality of 
receivers are directly coupled to the multi-stage optical amplifier. 
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65. A multi-stage optical amplifier system, composing: 
a plurality of transmitters that produce a plurality oysignal wavelengths A, s; 
a multi-stage optical amplifier, including, 

an optical fiber including a first length of BLaman amplifier fiber and a second 
length of Raman amplifier fiber, the optical fiber/coupled to the plurality of 
transmitters and 

configured to be coupled to a pump soufce that produces one or more pump 
wavelengths A, p , the one or more pump wavelengths X p being less than at least a 
portion of the plurality of signal wavelengths X s , and an optical fiber cut-off 
wavelength of at least one of the first length of Raman amplifier fiber and the second 
length of Raman amplifier fiber that is less than the one or more pump wavelengths 



in 



f=3 



a signal input port coupled to the optica 

optic 



a signal output port coupled to the/optical fiber, 



a pump input port coupled to the pptiqal fiber, 




M / 1/ ^ 

ry a first lossy member coupled to thoroptical fiber and positioned between the 

first and second lengths of Raman amplifier fiber, the first lossy member being lossy 



^* in at least one direction, / 

M> / 

£tj a pump shunt coupled to the optical fiber, wherein at least a portion of the one 

r~-T-, I 

~ or more pump wavelengths A, p is coupled between the first length of Raman amplifier 

fiber and the second length of Raman amplifier fiber; and 

a plurality of receivers coupled to the multi-stage optical amplifier. 

66. The multi-stage optical amplifier system of claim 65, wherein the pump input 
port is positioned between the first and second lengths of Raman amplifier fiber. 

67. The multi-stage optical/amplifier system of claim 65, wherein the pump shunt 
is coupled to the signal input port and the signal output port. 

68. The multi-stage optical amplifier system of claim 65, wherein optical fiber 
cut-off wavelengths of the first length of Raman amplifier fiber and the second length of 
Raman amplifier fiber are less th'an the one or more pump wavelengths A, p . 
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69. The multi-stage optical amplifier system of clmm 65, further comprising: 
a distributed Raman amplifier coupled to the signal input port. 

70. The multi-stage optical amplifier system of claim 69, wherein at least a 
portion of the pump shunt is positioned between the distributed Raman amplifier and the 
signal input port. 



7 1 . The multi-stage optical amplifier ; 
optical amplifier is an in-line amplifier. 



/stenTbf ctaiiii 69, wherein the multi-stage 



□ 

o 
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72. The multi-stage optical amplified/system of claim 69, wherein the multi-stage 
optical amplifier is a booster amplifier. 

73. The multi-stage optical amplifier system of claim 69, wherein the multi-stage 
optical amplifier is a pre-amplifier. 



O 
01 

ru 



74. The multi-stage optical amplifier system of claim 69, wherein the plurality of 
receivers are directly coupled to the multi-stage optical amplifier. 
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75. A multi-stage optical amplifier system, comprising: 
a plurality of transmitters that produce a plurality of signal wavelengths A, s; 
a multi-stage optical amplifier including, 

an optical fiber including a first length (if Raman amplifier fiber and a second 
length of Raman amplifier fiber, the optical fiber coupled to the plurality of 
transmitters and configured to be coupled to a pump source that produces one or more 
pump wavelengths X p , the one or more pump wavelengths X p being less than at least a 
portion of the plurality of signal wavelengtns X s , wherein at least a portion of at least 
one of the first length of Raman amplifier/fiber and the second length of Raman 
amplifier fiber is a dispersion compensating fiber, 

a signal input port coupled to thj optkfal fiber^/ 
a signal output port coupled to the^dpiGaWlber, 
a pump input port coupled to the qptical' fiber, 



m 



the optical 

J a first lossy member coupled to ttre optical fiber and positioned between the 

+j first and second lengths of Raman amplifier fiber, the first lossy member being lossy 

Rj in at least one direction, / 

a pump shunt coupled to the optical fiber, wherein at least a portion of the one 
or more pump wavelengths ^ p is coupled between the first length of Raman amplifier 

03 fiber and the second length of Raman amplifier fiber; and 

□ / 

pj a plurality of receivers^oupled to the multi-stage optical amplifier. 

76. The multi-stage optical amplifier system of claim 75, wherein the pump input 
port is positioned between the first and second lengths of Raman amplifier fiber. 

77. The multi-stage optical amplifier system of claim 75, wherein an optical fiber 
cut-off wavelength of at least onojoi the first length of Raman amplifier fiber and the second 
length of Raman amplifier fiber is less than the one or more pump wavelengths XP. 

78. The multi-stage optical amplifier system of claim 75, wherein at least a 
portion of the first length of Raman amplifier fiber and the second length of Raman amplifier 
fiber are dispersion compensating fibers. 



/ 
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79. The multi-stage optical amplifier system of cl^im 75, wherein the dispersion 
compensating fiber has a magnitude of dispersion greater tipn 50 psec/(nm) -(km) for at least 
a portion of the plurality of signal wavelengths A, s . 

80. The multi-stage optical amplifier system of claim 75, wherein the dispersion 
compensating fiber has a magnitude of dispersion les/than, 50 psec/(nm) (km) for at least a 
portion of the plurality of signal wavelengths A. s . 



81. The multi-stage optical amplifier system of claim 75, further comprising: 
a distributed Raman amplifier coupled^) the signal input port. 

M» 82. The multi-stage optical amplifier syst^mof^olalnT 8 1 , wherein at least a 

O portion of the pump shunt is positioned between the distributed Raman amplifier and the 
| signal input port. 



fU 
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83. The multi-stage optical amplifier system of claim 75, wherein the multi-stage 
optical amplifier is an in-line amplifier. / 



84. The multi-stage optical/amplifier system of claim 75, wherein the multi-stage 
optical amplifier is a booster amplifier. 



85. The multi-stage optical amplifier system of claim 75, wherein the multi-stage 
optical amplifier is a pre-amplifier. 



86. The multi-stage optical amplifier system of claim 75, wherein the plurality of 
receivers are directly coupled to the multi-stage optical amplifier. 



/ 
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87. A multi-stage optical amplifier system, comprising: 
a plurality of transmitters that produce a plurality of/signal wavelengths X s - 
a multi-stage optical amplifier including, 

an optical fiber including a first length of I^aman amplifier fiber and a second 
length of Raman amplifier fiber, the optical fiber coupled to the plurality of 
transmitters and configured to be coupled to a pipip source that produces one or more 
pump wavelengths A^, the one or more pump wavelengths X? being less than at least a 
portion of the plurality of signal wavelengths 

a signal input port coupled to the optio'al fiber, 

a signal output port coupled to the opiical fiber, 

a pump input port coupled to the optical fiber, 
CT a first lossy member coupled to the optics/fiber and.p6sitioned between the 

O first and second lengths of Raman amplifier fi]>/r, the^n^tlossy member being lossy 




O 

Ul in at least one direction, 
+\ a pump shunt coupled to the optical fiber, wherein at least a portion of the one 

RJ or more pump wavelengths is coupled between the first length of Raman amplifier 

q fiber and the second length of Raman amplifier fiber, 

p 1 at least a first pump source coupled to pump input port, the at least first pump 

source including multiple pump sources with outputs that are combined using at least 

O I 

f\ | one of wavelength and polarization multiplexing; and 

a plurality of receivers coupled to the multi-stage optical amplifier. 

88. The multi-stage optical amplifier system of claim 87, wherein the pump input 
port is positioned between the first and second lengths of Raman amplifier fiber. 

89. The multi-stage optical amplifier system of claim 87, wherein the pump shunt 
is coupled to the signal input port and the signal output port. 

90. The multi-stage optical amplifier system of claim 87, wherein at least first 
pump source includes multiple pump sources with outputs that are combined using 
wavelength and polarization multiplexing. 
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91. The multi-stage optical amplifier system of clqjfti 87, further comprising: 
a distributed Raman amplifier coupled to the signal input port. 

92. The multi-stage optical amplifier system of claim 91, wherein at least a 
portion of the pump shunt is positioned between the distributed Raman amplifier and the 
signal input port. 

93. The multi-stage optical amplifier system of claim 87, wherein the multi-stage 
optical amplifier is an in-line amplifier. 



94. The multi-stage optical amplifier s|steiH of claim 87, wherein the multi-stage 
optical amplifier is a booster amplifier. 




95. The multi-stage optical amplifier system of claim 87, wherein the multi-stage 
optical amplifier is a pre-amplifier. / 

96. The multi-stage optical amplifier system of claim 87, wherein the plurality of 
1 receivers are directly coupled to the multi-stage optical amplifier. 



/ 
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97. A multi-stage optical amplifier, comprising: 

an optical fiber including a first length of Raman amplifier fiber and a second length 
of Raman amplifier fiber, the optical fiber configurer to be coupled to a signal source that 
produces a plurality of signal wavelengths X s and aAump source that produces one or more 
pump wavelengths X p , the one or more pump wavelengths being less than at least a portion 
of the plurality of signal wavelengths X S9 whereinfat least a portion of at least one of the first 
length of Raman amplifier fiber and the second length of Raman amplifier fiber is a fiber 
with a selected small effective core area and high germanium doping to provide an 
enhancement of a Raman gain coefficient; 

a signal input port coupled to the optical fiber; 
a signal output port coupled to the optical fiber; 
a pump input port coupled to the optical fiber; 
□ a first lossy member coupled to the optical fiber and positioned between the first and 

jynj second lengths of Raman amplifier fiber, t^e first lo^ member being lossy in at least one 
direction; and 

nJ a pump shunt coupled to the optical fiber, wKerein at least a portion of the one or 

q more pump wavelengths X p is coupled betwe^j/theyfn-st length of Raman amplifier fiber and 
J\ the second length of Raman amplifier fiber. I 

m 

98. The multi-stage optical amplifier of claim 97, wherein the pump input port is 
positioned between the first and second lengths of Raman amplifier fiber. 

99. The multi-stage optical amplifier of claim 97, wherein an optical fiber cut-off 
wavelength of at least one of the/first length of Raman amplifier fiber and the second length 
of Raman amplifier fiber is less than the one or more pump wavelengths X p . 

100. The multi-stage optical amplifier of claim 97, wherein at least a portion of at 
least one of the first length/bf Raman amplifier fiber and the second length of Raman 
amplifier fiber is a dispersion compensating fiber. 
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101. The multi-stage optical ampli^er^fdaim 97, wherein at least a portion of at 
least one of the first length of Raman amplitk^fiber and the second length of Raman 
amplifier fiber is a dispersion compensating fiber. 



b 
□ 

o 
m 

H 

ru 

s 

2 

u 
fy 



DAL01:680258.1 



ATTORNEY DOCKET W PATENT 

069204.0176 

22 

102. A multi-stage optical amplifier system, /omprising: 
a plurality of transmitters that produce a plurality of signal wavelengths X s; 
a multi-stage optical amplifier including, 

an optical fiber including a first length of Raman amplifier fiber and a second 
length of Raman amplifier fiber, the optical fiber coupled to the plurality of 
transmitters and configured to be coupled to a pump source that produces one or more 
pump wavelengths Xp 9 the one or more pump wavelengths X p being less than at least a 
portion of the plurality of signal wavelengths A,s^vvherein at least a portion of at least 
one of the first length of Raman amplifie/fihe^^ length of Raman 

amplifier fiber is a fiber with a selected small effective core area and high germanium 
doping to provide an enhancement of a ^aman gajn coefficient, 

q a signal input port coupled to the opticSi fiber, 

2 a signal output port coupled to/the optical fiber, 

Ul a pump input port coupled to the optical fiber, 

!Jj a first lossy member coupled/to the optical fiber and positioned between the 

first and second lengths of Raman amplifier fiber, the first lossy member being lossy 
B in at least one direction, / 

f\ a pump shunt coupled to t^e optical fiber, wherein at least a portion of the one 

5 or more pump wavelengths Xp is coupled between the first length of Raman amplifier 

□ / 

ry fiber and the second length of Raman amplifier fiber; and 



t Kam 
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a plurality of receivers coupled to the multi-stage optical amplifier. 
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